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Summary 
Western Australia has the largest area of dryland salinity in Australia. More than one third of 
the south-west’s water has become brackish or saline, and cannot be used for agricultural 
purposes. 
This report discusses the source of salt in irrigation and farm dams in south-western 
Australia and reviews the options for managing the level of salinity in water storages in the 
South West Natural Resource Management (NRM) region. 
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1. Introduction 
Of the 4700 GL of water that flows from rivers in the south-west into the ocean each year, 46 
per cent is classed as brackish or higher in salinity (Mayer et al. 2004). Many of the farm 
dams in catchments where this flow originates have become unusable for irrigation and 
marginal for livestock watering. Altogether more than one third of the south-west’s previously 
divertible water has become brackish or saline, and cannot be used (Tille et al. 2001). 
Table 1 lists a number of intensive agriculture industries along with the maximum salt levels 
they can sustain before production losses occur. Westrup et al. (2006) noted that lack of 
supply of high quality water and the threat of salinity was a major restraint for developing 
intensive agricultural industries in the 500 to 825 mm rainfall zone of south-west Western 
Australia. 
Table 1 Intensive agricultural industries and maximum salinity of water source before reductions in 
production occur 
Intensive agricultural industry Maximum salinity before reduced production occurs 
Dryland dairy  550 mS/m1 
Feedlot beef head 1550 mS/m1 
Feedlot sheep  1100–2200 mS/m (depending on whether lambs, weaners, breeders or adult sheep)1 
Centre pivot irrigated pasture 80–550 mS/m (depending on species of pasture)2 
Vineyard wine  100 mS/m2 
Vineyard table grapes  100 mS/m2 
Fruit orchard  90–250 mS/m (depending on species)2 
Olives  250 mS/m2 
Vegetables  70–340 mS/m (depending on crop)2 
1 George et al. (1996) 
2 Lantzke and Calder (2004) 
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2. Geographic distribution of salt risk in south-west 
Western Australia 
Western Australia is the state with the largest area of dryland salinity in Australia. Sparks 
et al. (2006) note that 0.82 million hectares of land is currently salt-affected in the agricultural 
region, and that this is predicted to rise to 2.9–4.4 million hectares before equilibrium is 
reached. 
The level of threat to land is dependent on landscape, site and location factors. Schofield 
et al. (1988) noted a strong correlation between increasing salt storage and decreasing 
rainfall for areas east of the Darling Scarp (which runs north-south 50–100 km inland of the 
west coast of south-west Western Australia). The level of salt storage is a major factor 
influencing the potential for salt to be mobilised.  
 
Figure 1 The river catchments of the Southwest NRM region. The medium rainfall zone receives less than 
600 mm of rainfall annually. 
Groundwater salinity in the medium rainfall zone of the South West NRM region (see 
Figure 1) varies from 500 to 20 000 mg/L (Tille et al. 2001). Groundwater under landscapes 
west of the scarp generally has lower salinity levels than groundwaters in the lower rainfall 
areas to the east. These observations support the conclusions of Schofield et al. (1988). 
Mayer et al. (2004) suggest that stream salinity is generally positively related to higher rates 
of clearing as well as lower rainfall.  
Sites located at lower elevations in catchments generally have a higher threat of salinity than 
those at higher elevations. This is because the main driver for salinity is rising watertables 
resulting from clearing (Wood 1924, Tille et al. 2001), and areas low in the catchment are 
impacted first. Rising watertables can result in surface expression of salinity once they come 
within 1.2–1.8 m of the surface (Nulsen 1981). 
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The above mentioned observations suggest that areas east of the Darling Scarp and low in 
the valley floor are at particular risk of salinity, and as a result dams relying on run-off from 
these areas are also at risk of salinity. 
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3. Sources of salt in dams 
Salt enters agricultural dams through three pathways: rainfall, groundwater and surface 
water. Understanding the sources of salt, and their relative contribution to stored water, will 
help indicate where management opportunities may lie, and provide some clues to the 
potential impact of management.  
Rainfall 
Rainfall was first suspected as a source of salinity by Wood (1924). The amount of salt 
deposited with rainfall is highly dependent on distance from the ocean. Up to 250 kg/ha/year 
of salt is deposited on the coast, reducing to approximately 35 kg/ha/year 150 kilometres 
inland at Katanning (Hingston & Gailitis 1976). 
Most of the Western Australian wool belt is underlain by geology that is approximately 
2.6 billion years old (Tille et al. 2001). Weathering since the Cenozoic period and the salt 
deposition by rainfall explains the high potential for salt to be stored in the soils and in 
groundwater (Malcolm 1983). 
Groundwater 
The direct contribution of salt to a dam by groundwater can occur if the dam is excavated into 
the watertable. The importance of this contribution is dependent on the salinity of the 
groundwater and the rate at which groundwater enters the dam. This in turn is dependent on 
the po tential rate and speed of groundwater movement in the catchment (slope and K sat), 
and whether the groundwater has the potential to flow into the dam. This is to some extent 
governed by the porosity or leakiness of the dam lining (or material into which the dam is 
excavated), but often is mainly an effect of the hydraulic pressure differential between the 
groundwater level and the dam water level. 
Even small contributions of groundwater to a dam can rapidly elevate salinity levels due to 
the impact of pan evaporation rates ranging from 1600 mm/year at Bunbury to 2000 mm/year 
at Lake Grace (Laing et al. 1988). The implication of this evaporation factor, in which the top 
1.6 to 2 meters of water in a dam is evaporated every year, is that any salt contained in that 
1.6 to 2 meters is left behind to increase the concentration of salt in the remaining water. 
As mentioned, groundwater under western landscapes in the region generally has lower 
salinity levels than groundwater to the east. Direct groundwater seepage is the most 
common cause of elevated dam salinity levels in western areas that don’t have much surface 
salinity (Bennett pers. comm.). Surface run-off from salt-affected areas play a larger role 
(together with direct seepage) in lower rainfall areas.  
Further east in the region, groundwater salinities range from 100–2000 mS/m at Darkan to 
700–2500 mS/m at Kojonup (Raper et al. in prep). In these parts, construction of farm dams 
in the valley floors is severely restricted because of this saline groundwater which, in 
low-lying parts of the landscape, frequently occurs within 4 m of the soil surface. Many 
otherwise satisfactory sites for farm dams are now unusable, and there are many examples 
of dams constructed in valleys which have been rendered useless by saline seepage (Laing 
et al. 1988). In these areas dams tend to be located away from drainage lines as these too 
tend to be saline.  
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Not all groundwater is saline. Even in areas where groundwater in the valleys is saline, 
perched fresh watertables can be found under sandplain. The Boscabel soil-landscape 
system north of Kojonup has high salt risk in the valley floors (Schoknecht et al. 2004), but 
aquifers under the surrounding sandplain can still be relatively fresh (Paul Raper pers. 
comm.). This is because there are two distinct groundwater systems: perched perennial 
aquifer in deep, colluvial sandplain soils, and a regional aquifer in the deeply weathered 
lateritic profile. The two types of aquifer interact with the ground surface in the form of valley 
floor seepage (regional groundwater aquifers) and hillside seepage (perched perennial 
aquifers). This pattern is repeated throughout the agricultural area of south-west Western 
Australia (Bettenay et al. 1964, George & Frantom 1988, George 1990).  
If groundwater with low salinity is allowed to discharge and evaporate, the salt can 
concentrate on the surface (George 2004). Eventually the level of salinity can cause 
problems for vegetation growth, crop and pasture production and be transported into streams 
and water supplies by the overland flow of run-off. 
Surface water 
Surface water flowing across a catchment may pick up salt from areas where the surface is 
saline. The salt loading contributed by surface water is dependent on the extent and severity 
of salt-affected land in the catchment of the dam. If the soil surface is fresh throughout the 
catchment, salt loading will be small. If the catchment contains salt-affected areas, the 
surface salt can be dissolved by surface flows and deposited in the dam. Salt loading can be 
high, and the degree to which this affects stored water quality can vary depending on: 
• the proportion of catchment salt affected 
• the severity of soil salinity 
• the salinity of groundwater discharging and causing the salt 
• the rate or amount of discharge. 
These factors are site specific and relate to the hydrogeology of the catchment.  
Hillside seepage 
The location and severity of many hillside seepage areas in the western part of the medium 
rainfall zone of the region are associated with dykes and faults. These geological structures 
dissect or ‘compartmentalise’ the groundwater systems of many hillslopes by creating 
barriers to groundwater flow (dykes and basement highs) or zones of enhanced groundwater 
flow (faults). Engel et al. (1987) explain that when basement rock or other less permeable 
material restricts groundwater flow, the flow may be diverted through a more permeable 
material where the groundwater may rise and be discharged into surface soils. 
Seeps often develop where dykes and faults intersect with the surface topography (Clarke 
et al. 2000). Water evaporates rapidly from the surface at these seeps, resulting in 
secondary salinity. Fresh water flowing across these areas dissolves the salt on the soil 
surface and transports it into drainage lines and detention areas. The potential impact of this 
process is at its highest at the end of summer, after several months of high evaporative 
demand and little or no flushing. The build-up of salt on the soil surface over the summer 
months often results in higher salt loadings in the first flows after the break of season (or in 
flow resulting from summer thunderstorms), than subsequent flows during the rainy season.  
In some instances, the volume and consistency of groundwater discharging at a seepage site 
may result in the seep flowing all year round. A perennial saline seepage can result in high 
salt loadings entering stream lines and water storages all year round. 
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Valley floor seepage 
The mechanism creating valley floor salinity is usually evaporation from shallow and variable 
watertables. Where hillside seepage may arise from small, compartmentalised interactions 
between geology, groundwater and infiltration, valley floor seepage may be associated with 
much larger systems. A valley floor seep may be the result of groundwater rise caused by 
excess infiltration and deep drainage over tens of thousands of hectares.  
Valley floor salinity usually impacts a greater area (particularly in broader valleys) than 
hillside seepage salinity, and intervention in terms of recharge or discharge management is 
correspondingly more difficult. Any water storage relying on these areas for catchment is at 
risk of becoming saline.  
There are a number of visual clues, such as salt scalds and vegetation decline, which 
indicate the distribution and severity of existing and potential surface salinity. Soil tests and 
groundwater tests for Electric Conductivity will also give an indication.  
George et al. (1998) noted that aerial geophysics (magnetics, radiometrics and 
electromagnetics) could be used to identify a range of catchment-specific factors which 
influence the distribution of salt and groundwater in catchments. The efficacy of these tools, 
however, is dependent on the level of interpretation of the data (George and Woodgate 
2002). Magnetics can be a useful tool for identifying geological structures which impact on 
water and salt movement and storage, but are not detectible at the surface. Electromagnetics 
(EM) is particularly useful for identifying the distribution of salt in catchments (George et al. 
1998). If aerial electromagnetic (EM) data is not available, handheld or vehicle-mounted units 
such as the EM 38 or EM 31 may provide useful data for salinity mapping (Bennett 2004).  
The EM 38 measures surface/root zone salinity to a depth of 0.5–1.0 m, providing an 
indication of the likelihood of surface flows being contaminated by salt at or near the soil 
surface. EM 31 measures salinity to a depth of 5 m, which may be useful when selecting 
locations to site a dam. 
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4. Management options for salinity in dams: site selection 
With the range of sources of salt in dams comes a range of opportunities to manage, reduce 
or avoid this salinity. The most appropriate techniques will depend on situation-specific 
factors such as source of salt, intended use of water, financial constraints, catchment 
morphology and soil-landscape features. The options that may apply within the medium 
rainfall zone include: 
• appropriate siting and lining of the dam 
• maximising freshwater inflow  
• minimising evaporation  
• reducing saline surface flows (by lowering groundwater, isolating seepage or diverting 
saline flows) 
• lowering watertables (by pumping and vegetation) 
• periodically flushing salt from dams.  
Dam site selection 
Selecting an appropriate site for a dam at the outset can help prevent the problem of dam 
salinity altogether. This adds security to the water supply by increasing the range of uses the 
water is suitable for as well as avoiding the need for the disposal of saline water from the 
dam and other financially costly cures for preventing salinity or recovering the water. The 
factors which need to be considered to avoid salinity when siting a dam include: 
• the depth to saline watertables 
• the rate of rise of the watertables 
• the extent and severity of surface salinity in the dam catchment 
• the predicted future extent of salinity 
• the amount of high quality (fresh) water likely to be generated by the dam catchment 
• the soil type’s suitability for dam construction. 
Laing et al. (1988) and Stanton (2006) both note the importance of siting dams well clear of 
rising saline watertables. This may be a challenge, as suitable sites for dams in terms of 
catchment area and soil types tend to be in valley floors, which are at the greatest risk of 
shallow saline watertables. There may be an option to pump water from dams in the valley 
floor to constructed storage (turkey nest) dams higher in the catchment.  
Nulsen (1981) noted that surface expression of salinity occurred when rising saline 
watertables came within 1.2–1.8 m of the land surface. This critical depth is due to the 
capillary rise of salt, where evaporative demand draws saline groundwater to the surface 
before evaporating the water and thereby concentrating the salt. While the risk of salinity 
resulting from capillary rise within the dam can be minimised by not allowing the dam to run 
dry over summer, it is preferable to site the dam clear of areas where capillary rise within the 
dam may cause a salinity risk.  
Capillary rise is not the only risk associated with dams constructed in close proximity to a 
saline watertable. Some of the literature (Ghauri 2002, Farmer & Coles 2003, Stanton 2005) 
suggests a low level of leakage in on-farm water supplies and town water supplies is 
unavoidable. Excessive volumes of water leaking from dams can interact with saline 
watertables and result in mobilisation of salt into the dam. Though leaking dams usually 
result in seepage or waterlogging downslope of the dam, this seepage can eventually  
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interact with the dam if the recharge contributed by the dam is greater than that discharging 
from the seep. Again, it is preferable to site the dam well clear of watertables and in soils that 
minimise leakage to avoid this risk.  
The risk of the ongoing rise of groundwater should be assessed. This risk will be based on 
catchment-specific issues such as time delay to equilibrium (Short & McConnell 2001), 
catchment hydrogeology (including dykes, faults and groundwater trends), and the recharge 
potential under catchment land use. Though professional opinions and modelling are 
recommended, some indicators include the level of salt expression and whether this has 
expanded over the previous 10 years. How long native vegetation has been cleared is also 
relevant. Equilibrium may be reached in 30–40 years in high rainfall areas, but may take as 
long as 50–100 years in low rainfall areas (Nulsen & McConnell 2000).  
When considering dam sites on low-lying positions, investigate for shallow watertables first 
by drilling and determining the depth of the watertable (Simons & Crossing 2002, Stanton 
2005) and the salinity of the water (Department of Agriculture 2006). Consult hydrologist 
reports detailing groundwater trends within the catchment where they are available. If 
watertables are likely to cause salinity problems in a dam investigate alternative sites. 
Soil type of dam site should resist leakage 
Soil type is an important factor when selecting a site for a new dam. Soils with a clay content 
of at least 35 per cent (Stanton 2005) help reduce the loss of water from the dam by leakage, 
while sand seams and rocks increase the chance of leakage. Strong soil structure and high 
exchangeable magnesium and sodium also help to prevent leakage (Stanton 2005). 
Leakage from dams reduces the volume of storage, which in turn increases the surface area 
to volume ratio of the stored water, thereby increasing the proportion of water evaporated 
and hence the concentration of salt in the dam.  
Drilling conducted to test the depth of watertables can also be used to determine soil 
suitability for dam construction. Lewis (2001) and Stanton (2005) both recommend a 
minimum of 5 drill holes for a square farm dam: one in each corner and one in the centre. A 
minimum of 9 test holes are recommended when constructing a gully wall dam (Stanton 
2005). The soil from these drill holes should be tested for slaking, dispersion and strength 
(Department of the Army 1992), and relate to the soil’s resistance to structural failure (Lloyd 
& van Delft 2001) and leaking. 
Slaking is the process of swelling of clays that causes the expulsion of air and the soil 
aggregate to mechanically break down. Dispersion (also known as deflocculation) occurs 
when soil particles break down into their constituent particles (sand, silt and clay) and 
individual clay particles often become suspended in solution (Heath & Raper 2005). A little 
dispersion is advantageous as this can reduce the porosity of the soil (Bennett et al. 2004, 
Heath & Raper 2005) and help to seal the dam. But if a soil is highly dispersive, prone to 
slaking, is poorly structured and has low strength, it is unlikely to be suited to dam building 
and alternative sited should be sought.  
A simple method to test for slaking and dispersion is documented by Frost and Orr (1990). 
Strength dictates the soil’s ability to maintain form against shear stresses and tests for this 
are documented by Department of the Army (1992).  
The addition of gypsum has been shown to reduce the risk of dispersion (Frost & Orr 1990), 
and can be used to avoid piping or tunnelling failure in dams constructed in highly dispersive 
soil (Coles 2003). 
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Where site limitations require a dam be constructed in a sandy soil, clay material may be 
brought from off-site to serve as the liner for the dam (Coles 2003). This has proved 
successful at the Western Australian Department of Agriculture and Food’s research station 
at Vasse (John Milligan pers. comm.).  
These recommendations are all related to site assessment and the establishment of new 
dams. The amount of investment into site assessment should be proportional to the size of 
the proposed dam. If a large dam is proposed, appropriate laboratory analysis with 
professional interpretation of the results is recommended.  
Sealing leaky dams 
There are a number of options for sealing existing leaky dams. Sealing existing dams may 
require the dam to be emptied; it can be expensive, and it is often more practical and 
cheaper to build a new dam if an alternative site is available. 
Coles (2003) outlines a number of options, including the addition of sodium tripoly phosphate 
(STTP), membrane liners, clay blankets, compaction, soil blending and treatment with 
gypsum.  
There are two types of polymer (plastic membrane) liners commercially available in Western 
Australia: polypropylene and high density poly-ethylene (HDPE) both provide a good seal. 
Both can be used with potable water supplies and can be stabilised against UV damage. 
Polypropylene (1 mm) has a lifespan of up to 17 years and HDPE (1.5 mm) up to 20 years, 
the choice of product depending on site conditions. The price is similar (once site preparation 
requirements are taken into account). At $15 000 to treat a 3 000 m3 farm dam, polymer 
liners are an expensive option, but they enjoy a 90 per cent success rate (Coles 2003). 
Problems with de-silting polymer lined dams create an added requirement for silt control on 
inlet structures. 
Some dams constructed in otherwise well suited soils leak because of lack of compaction. 
Compaction is usually viewed in the context of soil structure decline in farming systems in 
Western Australia. Stock and vehicle traffic in paddocks can cause compaction and the 
formation of hard pans (McConnell et al. 2005, van Gool & Moore 2005, Percy 2002). 
Compaction causes soil structure decline by mechanically collapsing the air pores found in a 
structured soil. It often results in poor infiltration and waterlogging. In the paddock this is 
undesirable, but in a dam it can help reduce leakage. The preferred method for compacting 
the earth lining of a dam is with purpose built machinery such as a self propelled sheep foot 
roller. If this type of equipment is unavailable, compaction with a bulldozer may provide some 
benefit, though it is unlikely to provide the same benefit as purpose built machinery. As in the 
paddock, pugging resulting from heavy stock traffic can impair soil structure in the dam, 
helping to seal the dam as the water level drops during the spring, summer and autumn 
months (Coles 2003). 
Soil blending can be used to reduce the impact of sand and grit seams on leakage. If good 
tight clay can be borrowed from other areas of the dam, and materials are ripped, mixed, 
stockpiled, replaced in layers and compacted, a good seal may be achieved. Blending and 
compacting the floor and lower walls of a dam normally has a 50 per cent chance of success, 
and costs between one-third and two-thirds of the cost of a replacement dam (Coles 2003).  
A source of suitable clay near a leaky dam can be used to lay a compacted clay blanket and 
seal the dam economically. The success rate with this option is approximately 80 per cent. 
Obviously the volume of imported material will reduce the capacity of the dam. The existing  
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dam should be enlarged before the clay blanket is installed. Coles (2003) notes strict soil 
property requirements for suitable clay material. These are: 
• 20–40 per cent clay content 
• uniform particle size distribution (i.e. well graded soil) 
• slight to moderate soil dispersion 
• low to moderate linear shrinkage 
• kaolinite-dominant clay mineralogy. 
The clay blanket should be at least 1 m thick and be well compacted to limit seepage to less 
than 2 mm per day. The strict soil requirements, volumes of earth shifted to provide a 
protective soil layer on all batter slopes and compaction makes this option comparable in 
price to a flexible membrane. A 1 m thick compacted clay blanket with a minimum 92 per 
cent of maximum dry density is one and a half to three times the cost of a replacement dam 
(Coles 2003). 
Bentonite is regularly used in groundwater studies as a means of sealing bores (Nott et al. 
2004, Seymour & George 2000). It is placed between the bore casing and the bore to 
prevent surface water and water from perched watertables flowing down the bore and 
providing false watertable levels. The sealing properties of bentonite can also be used for 
sealing dams. Bentonite swells when wet and provides an effective seal provided it is evenly 
spread over the wetted area of the dam. Sodium or calcium bentonite can be applied as a 
pure or mixed blanket. Sodium bentonite swells to approximately twice that of calcium 
bentonite. Application rates depend on the type of bentonite, the ratio of bentonite to soil and 
the uniformity of bentonite application. The cost of this treatment is approximately twice or 
three times the cost of building a new dam, and the rate of success is 50 per cent (Coles 
2003).  
Clay lining of existing dams that have saline groundwater inflows is not recommended, 
because pore pressure and excessive clay deflocculation make it difficult to achieve an 
efficient seal. 
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5. Maximising inflow of fresh water to dams 
Sealing dams to prevent leakage is beneficial for limiting the salinity of a dam because it 
saves the loss of fresh water and helps keep the concentration of salt down. Another way of 
lowering the concentration of salt is by maximising the amount of fresh water inflow to dilute 
salt in the dam. If the overall concentration of salts can be maintained at a level below the 
particular threshold for the intended use (see Table 1), the salinity issue may be solved. 
Maximising the volume of water in a dam also helps to maintain a ‘pressure head’ which can 
help to minimise influx of saline groundwater through the walls and floor of a dam. 
To maximise the amount of run-off entering a dam, we must first appreciate the variety of 
factors controlling catchment yield. Run-off can be expressed as the volume of rainfall 
remaining after loss due to interception by vegetation, surface storage, infiltration, surface 
detention and waterway detention (Lewis 2001). The run-off ‘ceiling’ is dictated by rainfall, 
and a number of catchment-specific factors (such as vegetation extent, infiltration rates and 
storage capacity of soils) dictate how much of the rainfall flows from a catchment as run-off. 
Westrup et al. (2006) combined these catchment-specific factors to prioritise farm-scale 
catchments for run-off generation in an area of 1 600 000 ha in the medium rainfall zone of 
south-west Western Australia.  
This type of broadscale modelling is useful for land-use planning purposes and Westrup 
et al. (2006) stress the need for detailed catchment modelling and assessment before heavily 
investing in water supply infrastructure. Suitable models should take account of rainfall 
variability (preferably in daily time step), catchment run-off threshold values, evaporation 
demand and so on. DAMCAT 4 (Farmer 2004) is one example of a model which may be 
used at the catchment or farm scale for farm water supply modelling. 
If the catchment is limited, or the target dam is already constructed, there are a number of 
options for improving the catchment for increased run-off. These include: 
• roaded catchments 
• bituminised catchments 
• grade banks 
• flow diversion structures 
• polymer ground cover  
• soil additives. 
Roaded catchments 
Roaded catchments are a well established means of improving catchment efficiency and 
maximising water capture. The first recorded roaded catchment in Western Australia was 
constructed near Lake Grace in 1949 and since then they have been used extensively 
throughout the agricultural area (Davis 1977).  
Roaded catchments traditionally take the form of a series of parallel clay-lined roads 
constructed with a grader on slight slopes (up to 0.5 per cent). They can be built up to 
several hectares in size, depending on water requirements and site conditions. A number of 
roaded catchments can be linked with collector channels (Keen 2001). 
With roaded catchments the amount and intensity of rainfall required to generate run-off of 
20–30 mm for natural catchments is reduced to around 10 mm (Farmer 2004, Richardson 
et al. 2004), and new or very well maintained catchments may have run-off threshold values  
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as low as 4 mm (Stanton 2005). Areas in the northern and eastern wheatbelt have adopted 
roaded catchments as standard practice because of their ability to generate run-off from low 
intensity rainfall events which are common in these areas. 
The effectiveness of roaded catchments is usually in the range of 30 to 60 per cent of annual 
rainfall, which is an improvement on the 0 to 40 per cent of rainfall that runs off natural 
catchments (Laing 1981, Richardson et al. 2004). The main determinant of potential benefit 
with roaded catchment is local rainfall conditions. If an area has a high number of intense 
(greater than 30 mm) rainfall events, the relative increase in yield is proportionately less than 
in an area where the majority of rainfall events are light (less than 10 mm).  
This effect can be seen in Table 2. Catchments such as Site A, where the majority of rainfall 
events are below natural catchment thresholds, have a greater proportional increase (from 
7 per cent of rainfall to 34 per cent) in run-off than catchments such as Site B (from 21 per 
cent to 67 per cent), where the majority of rainfall events are above the natural catchment 
threshold.  
Table 2 An example of how intensity of rainfall can impact on potential gains from roaded catchments 
Number of rainfall events 
 
Average 
rainfall per 
annum (mm) 10 mm 25 mm 40 mm 
Natural catchment 
yield (kL/ha) 
(20 mm threshold) 
Roaded catchment 
yield (kL/ha) 
(8 mm threshold 
Site A 700 51 6 1 50 236 
Site B 700 1 26 1 150 474 
The cost of constructing roaded catchments depends on a number of factors, including size 
of the job, site conditions, ease of construction, availability of machinery and cost of diesel, 
but an indicative figure is approximately $2000–$4000 per hectare. Lewis (2002) suggests a 
range from $500 to $3000 per hectare. Further information can be sourced from Stanton 
(2005), the Department of Agriculture and Food’s surface water management group, or the 
Department of Water’s farm water group.  
Bituminised catchments 
Bituminised catchments improve water catchment more effectively than roaded catchments 
do. Richardson et al. (2004) noted that up to 95 per cent of rainfall can be converted to run-
off. This run-off can be discoloured by oxidising bitumen, but this is unlikely to be a problem 
where the water is not intended for drinking by humans (Lewis 2002, Richardson et al. 2004). 
This improved efficiency comes at a cost, with bituminised catchments costing up to $25 000 
per hectare, which limits the applicability of this treatment to high-value water supplies. 
Several West Australian towns, including Boyup Brook and Lake Grace, have bituminised 
catchments to feed the town water supplies. Some of the larger wineries also use 
bituminised catchments.  
Grade banks 
Grade banks and channels are traditionally viewed as means of flood mitigation and erosion 
control (Tetlow & Coles 2003, Keen 2000). But if the base of the channel intercepts clay, the 
channel can act similarly to a roaded catchment, with each 300 metres of 3.5 m wide channel 
equivalent to approximately one hectare of roaded catchment. 
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Channels can also be used to increase the size of a dam catchment by re-routing water into 
dams which would otherwise flow around them, or capturing water from an adjacent 
sub-catchment (see flow diversion). They can also reduce the time taken for water to flow 
into a dam after minor rainfall events, thereby reducing the exposure to evaporation and 
infiltration.  
Appropriate design frameworks have been set out for the planning, surveying and 
construction phases of grade bank systems in a series of publications by the Department of 
Agriculture and Food (Keen 2001, Department of Agriculture 2006) and the NSW soil 
conservation service (Jackson 1992). Department of Water farm water assessors and 
Department of Agriculture and Food land and water development officers can provide advice 
on design. 
It is important that design rules are strictly followed, as failure to do so has proven to have a 
destructive impact on the structures themselves and resulted in severe erosion of 
surrounding land. There may also be legal issues associated with diverting water from one 
catchment into another, and the local Department of Water allocation officer or farm water 
assessor should be consulted if operating across catchment boundaries. 
Flow diversion 
While across-slope channels can be used to convey run-off to a dam, Laing (1981) discusses 
the use of diversion banks to capture water which would otherwise bypass dams. These are 
essentially large contour banks built with the intention of transporting water from a point 
outside of the natural catchment of a dam, into the dam. Diversion banks are generally used 
where surface slopes are a minimum of 4 per cent, and where rainfall is at least 
500 mm/year. Channels are usually flat-bottomed and constructed with a grade of less than 
0.5 per cent to minimise the chances of erosion.  
Polymer ground cover 
The Department of Agriculture and Food is currently trialling a system where polymer ground 
covers are placed in the inter-rows of a vineyard to harvest water. This is intended to serve 
two purposes: harvesting the water, and also limiting the volume of soil water the vines have 
access to, thereby increasing the opportunity for water deficit management (Rob 
Hetherington pers. comm.)  
Soil additives 
Recent work by Rod Short and Neil Lantzke at the Department of Agriculture and Food 
Western Australia has shown that some surface sealants improve the efficiency of clay-lined 
roaded catchments. Though not quite as efficient as asphalt catchments, they still provide 
significant improvements at a fraction of the cost of bitumen (Short & Lantzke 2006). This 
work is ongoing. 
Run-off from existing features 
The previous options all involve investment in establishing works to improve the run-off from 
a catchment. But there may be an opportunity to take advantage of high run-off features 
which already exist in a catchment, or were constructed to serve another purpose. Structures 
which may be used for their water-shedding characteristics include roads, gravel pads, shed 
roofs and farm tracks. The efficiency of any of these is highly dependent on the individual 
structures themselves. A well compacted gravel pad or well maintained gravel road should  
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shed a similar amount of run-off as a roaded catchment (30–60 per cent of rainfall). A sealed 
road or bituminised pad should shed a similar amount of water to a bituminised catchment 
(up to 95 per cent of rainfall). Rock outcrops also generate run-off at a similar level of 
efficiency as a sealed road. Granite rock outcrops do not support other productive land use, 
and their run-off has been used to supplement town water supplies of several wheatbelt 
towns since the 1930s (Davis 1977).  
The galvanised sheet metal commonly used for shed roofs has a run-off threshold of  
1.65–2.5 mm (depending on slope) and a very high efficiency (90–100 per cent) for 
generating run-off (Richardson et al. 2004). Laing (1981) notes that this water is of excellent 
quality and can be used as a potable water supply without treatment, provided gutters and 
tanks are kept clean. The cost of sheeting in Western Australia ranges from $11 to $15 per 
square metre (depending on whether zinc, aluminium or colorbond is used; Stratco 2006), or 
$110 000 to $150 000 per hectare. The cost of this material prohibits its use for catchment 
lining alone, so it is mostly used opportunistically where sheds are already established.  
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6. Discharge management: reducing salinity in surface 
flows 
Enhancing the amount of run-off flowing into a dam increases the quantity of water in a dam. 
There may also be opportunities to manage or modify aspects of the catchment to improve 
the quality of water flowing into a dam. If the surface water can be isolated from the salty 
sections of the catchment, or the salty sections can be remediated so that fresh water flowing 
across them does not transport the salt, the salt loading of water flowing into the dam will be 
reduced. Such opportunities will be catchment specific, but may include: 
• isolating saline seepage areas from fresh run-off in the upper catchment 
• managing groundwater discharge using revegetation, siphons, groundwater pumping 
and drainage 
• building artificial grassed waterways to divert fresh water around saline areas in 
drainage lines 
• building flow gates to divert the first saline flush of the season. 
Isolate upper catchment saline seepage areas from fresh run-off  
As noted earlier, salt is concentrated at seepage sites through evaporation, and surface 
water flowing across these sites is known to transport salt into stream lines and dams. There 
are cases where the volume of discharge from saline seeps is low enough that most or all of 
it is evaporated over summer. If the volume of rain falling on the scald during winter is a low 
enough that it could be stored and evaporated on site, this is an opportunity to minimise 
surface water run-on onto the salt scald, and so isolate the seepage area from the dam 
catchment.  
One way to do this is by using the grade banks discussed earlier. Not only do they have a 
role in run-off enhancement, they can also be applied to intercept surface water above a 
saline seepage, and move it away to a stream or dam (see Figure 2).  
When constructing grade banks above seepage areas, appropriate design standards should 
be followed (Keen 2001, Jackson 1992, Schwab et al. 1992). Salt scalds associated with 
seepage areas may be particularly prone to erosion, and precautions should be taken to 
minimise the risk of erosion resulting from bank failure during large rainfall events. Failures 
cause problems when a large, deep volume of water is built up behind the bank.  
There are a number of opportunities during construction to minimise erosion risks. For 
example, minimising the height of the spoil bank while ensuring the bank channel is wide and 
shallow and on an appropriate grade to keep the water moving while not exceeding 
maximum permissible velocity. Once the grade banks are constructed, regular maintenance 
is required to remove obstructions to water flow in the channel and reinforce weak points 
created by stock traffic in the bank.  
MAINTAINING LOW SALINITY IN AGRICULTURAL DAMS 
 
16 
 
Figure 2 A broad-based bank constructed to divert surface flow away from a seepage area and into a dam. 
If duplex soils (sand over clay) are present, the grade banks can also be used to intersect 
water flowing through the permeable layer between the surface and the clay. This subsurface 
flow can be reached by ensuring the up-slope channel is cut all the way down to the clay.  
Tetlow and Coles (2003) describe how seepage interceptor drains can be used in areas of 
duplex soils where slopes are not greater than 4 per cent. Seepage interceptor banks rely on 
water seeping under the earthen bank into a V-shaped channel cut on the downhill side of 
the bank, while surface water is transported along the uphill edge of the earthen bank. 
Subsurface water seeping under the bank can cause structural weakness, so these types of 
banks are at risk of severe erosion and failure if constructed on slopes steeper than 4 per 
cent, or surveyed on a grade which allows water to flow at an erosive velocity in the uphill 
channel.  
Eliminating surface water on-flow alone will not solve the problem of seeps that discharge 
more groundwater than is evaporated from the seepage area. Where seeps are discharging 
sufficient water that salt is being transported downslope by seepage water, some form of 
discharge management will be required in addition to surface water run-on control works.  
There are a number of techniques for managing discharge, including revegetation, drainage, 
relief wells, siphons and groundwater pumping. 
Revegetation of recharge areas  
It is well established that the removal of deep-rooted perennial vegetation for agriculture was 
one of the major drivers for rising groundwater and subsequent salinity. Replanting trees for 
groundwater and salinity management has been one of the activities underpinning the 
landcare movement in Australia (Bennett 2000). The aim is for the vegetation to reduce 
recharge to the groundwater system, and thereby lower the groundwater level. Farrington 
and Salama (1996) considered revegetation the best long-term option for controlling dryland 
salinity.  
Broadscale revegetation 
Broadscale revegetation of recharge areas (where excess infiltration of rainfall causes a rise 
in groundwater) to control surface water salinity is possible, and broadscale reforestation of 
the Denmark and Kent River catchments has resulted in reductions in stream salinity  
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(Lothian & Conacher 2005). Nineteen per cent (99 km2 of the 525 km2) of the Denmark River 
upper catchment had been cleared by 1979. About 50 per cent of the cleared area has been 
revegetated since 1995, and a reduction in stream salinity was observed with 90 per cent of 
the catchment vegetated (Bari et al. 2004). George et al. (1999) suggest 70–80 per cent of 
catchments would need to be revegetated to have a significant impact on recharge, which 
would come at a major opportunity cost to other land use in the catchment.  
Research shows that salinity of streams may actually increase in the short to medium term 
as a result of broadscale reforestation causing a reduced volume of stream flow (Borg et al. 
1988). In water harvesting catchments the reduced volume of run-off that may result from 
broadscale reforestation is undesirable, and this affects the applicability of this management 
option.  
Targeted revegetation  
Targeting revegetation at high recharge soils within the catchment is discussed by Bennett 
and Brooksbank (2001). They suggest that trees are more likely to intercept a large 
proportion of recharge if planted on permeable soils such as deep sands and gravels than if 
planted in loams, or where their roots intersect the groundwater. Other authors argue that 
this may not always be successful, as recharge from preferred pathways (old root channels, 
geological anomalies) through soils with low permeability (loams and clays) may contribute 
recharge of as much significance as highly permeable areas of the catchment (quartz-rich 
fault lines and sands) (Johnson 1987, George 1990).  
Schofield et al. (1989) showed that planting trees near discharge zones had an impact on 
watertables. George (1990) and Farrington and Salama (1996) suggest trees will 
preferentially use water in the unsaturated zone before drawing from a saline aquifer. If the 
trees planted originate from higher rainfall environments, and the water available in the 
unsaturated zone is insufficient to support the plants, then they will draw from the aquifer. 
George and Frantom (1988) suggest that belts of eucalypts successfully de-watered a fresh 
and very thin, low-capacity aquifer in the eastern wheatbelt. George (1990) suggested that 
high water-use species of eucalypts (such as Tasmanian blue gums) may effectively dry up 
sandplain seeps.  
High water-use trees are needed because the efficiency of trees as pumps is reduced during 
winter, when trees transpire less as a result of reduced temperatures, increased humidity 
and reduced evaporative demand. Rainfall, antecedal soil moisture, recharge and, in 
responsive watertables, discharge, are likely to be at their highest during the winter season. 
The reduced water-use capacity of trees during the season when water availability is at its 
highest is a limitation of this approach. The capacity for trees to draw down moisture is 
limited to a short distance, usually ranging from 10 to 30 metres beyond the extent of their 
root system (George et al. 1999). Care must be taken to avoid the situation where the trees 
draw so much water that the profile is dried out entirely and the trees die of drought stress. 
Water quality is also a consideration (Baxter & O’Neil 1997). 
Young eucalypts have the capacity to pump 10–50 litres of groundwater a day per tree, 
depending on species, landscape position and seasonality (George & Frantom 1988). 
Tagasaste is a fodder shrub with production benefits (Seymour 2001b), and a similar water-
pumping capacity to eucalypts, provided they are planted at a high density (Seymour 2001a). 
The establishment costs of trees are approximately $1500–$2000 per hectare (this includes 
site preparation, seedlings, planting cost and pest control, but not fencing). 
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Bennett and Brooksbank (2001) make a number of recommendations regarding planting 
trees for salinity control. These include: 
• understand the hydrology of the site for best tree placement 
• determine the planting objectives and select economic species for possible future 
outcomes 
• ensure your species is suitable for soil and site conditions 
• assess the likely impacts before investing 
• monitor the performance of the trees and impact 
• seek advice from Department of Agriculture and Food, and Department of Environment 
and Conservation farm forestry experts.  
Drainage 
Where low transpiration rates or land availability limit the impact revegetation can have on 
seepage discharge, additional management options may be required. These can take the 
form of passive systems, such as relief wells or drainage, or active systems such as siphons 
and groundwater pumping. 
There are legal issues associated with the disposal of groundwater. An owner or occupier of 
land must give at least 90 days notice to the Commissioner of Soil and Land Conservation of 
an intent to drain or pump water where: 
• water to be drained is subsurface water 
• the purpose of the proposal is to control salinity  
• the water discharges onto other land, into other water or into a watercourse. 
The notice must be in writing and comply with the Soil and Land Conservation Regulations 
1992. Proceeding with a drainage proposal without complying with the notice of intent 
provisions is an offence, and can lead to prosecution. The form is available from the 
Department of Agriculture and Food District Offices, or by contacting the Commissioner's 
Office.  
For proposals to drain land within the Peel-Harvey Catchment Area, proponents must give 90 
days written notice to the Commissioner of an intention to drain surface or subsurface water 
onto other land, into other water or into a watercourse. This form is available from the 
Commissioner's Office.  
There are a number of catchment-specific factors which should be considered when deciding 
the type, location and capacity of engineering works to treat seepage areas in a catchment. 
• The nature of the aquifer (expected yield, water quality, disposal options) may be 
assessed by a qualified hydrologist. 
• Electromagnetic surveys can be used to determine salt distribution throughout the 
catchment. 
• Geomagnetic surveys can be used to differentiate between dolerite dykes, weathered 
dolerite and more permeable material on granitic parent rock (George et al. 1996). 
• Catchment topography (soils, slopes, drainage lines and vegetation) data sets should 
be accessed to aid in the design process. 
• Surface run-off and flood risk should be considered when investing an engineering 
works in a catchment. 
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One option for passive discharge management is the use of drainage to ‘bleed’ seepage 
areas of excess water. This process involves creating paths of reduced flow resistance below 
ground level along a grade for water to flow by force of gravity. If enough of the groundwater 
can be drained to allow infiltration to leach the salt out of the surface layers of soil, then 
run-off flowing across these areas may remain free of salt, and be captured and stored as 
good quality water further downslope. 
The efficiency of a drainage system is highly dependent on the permeability of the 
surrounding soil, which in turn is dependent on soil texture, soil structure, the presence of 
pans and the size and distribution of pores in the soil. Permeability classes are usually based 
on a range of saturated hydraulic conductivity, with < 0.01 m per day classified as slow, and 
1–5 m per day classified as rapid (Wells 1989). Quartz-rich sands and fractured rock soils 
have a rapid conductivity, while poorly structured clays have poor conductivity.  
Anecdotal and empirical evidence suggest that soils with low hydraulic conductivity or 
infiltration rates may still transfer large volumes of water through preferential pathways such 
as old root channels and sand seams (Johnson 1987, Bennett et al. 2004). Test pits should 
therefore be dug on-site to test the potential for drainage. The amount of time taken to fill the 
test pit with water will give an indication of the likely potential to drain the soil. 
Soils prone to dispersion should be treated with gypsum to help retain soil structure, as the 
removal of salt via drainage and the freshening of the soil profile with rainfall infiltration can 
cause the soil pores to collapse, effectively reducing the drainage system’s effectiveness 
(Bennett et al. 2004).  
Trenches cut using a back hoe, ditch-witch, pipe layer or excavator are the simplest form of 
drainage, but due to the erosion risks (slumping, slaking) and maintenance requirements 
associated with open channels in salt-affected areas (especially on steep slopes), tend to 
have a very short useful life.  
Trenches backfilled with a coarse material such as blue metal, then lined with tiles and 
covered with soil can help to drain low volumes of water. This ‘tile drain’ system essentially 
creates a preferential pathway for water to flow through a highly conductive material (the blue 
metal) and into a collector drain or sump, from where it can be drained, piped or siphoned to 
a safe disposal area. Covering the drain with soil means a cover crop can be sown to provide 
protection against erosion, and may return the site to production. 
Subsurface drainage in the form of horizontally laid slotted pipe has shown to be effective 
when managing salinity associated with irrigation in the eastern states (Hornbuckle et al. 
2004, Wahba & Christen 2006). Bennett and George (2002) demonstrated that up to 78 per 
cent of 640 mm of rainfall could be removed from waterlogged soils under an apple orchard 
near Donnybrook, Western Australia using subsurface drainage in the form of slotted pipe 
packed in a sand envelope. In this case, 7100 m of drains were used to de-water 2 hectares 
of land where soils were loamy earths, deep sands and sandy gravel. 
Saline seepage areas in Western Australia often have the added complication of dissolved 
iron and unstable subsoils. Groundwater at depth and in a reduced (low oxygen) 
environment contains a reduced form of dissolved iron (Fe2+). This dissolved iron oxidises 
and changes to Fe3+ and forms a precipitate (and algal build up) when exposed to oxygen, 
which can block the slotted pipe. Tree roots can block and break slotted pipes (Keen 1998), 
and blockages can also result from dispersive or slaking subsoils (Bennett et al. 2004). 
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If the surrounding soil is relatively permeable, such as a sand or gravel, trenches with well 
liners can allow a flow of up to 9 kL/day (Short, in prep). If these well-lined trenches are then 
complemented with slotted pipe and blue metal filled ‘feeder’ drains, anecdotal evidence 
suggests up to a fivefold increase in flow (Short, in prep).  
Mole drainage may be used in areas where soils have such low permeability that tile or 
slotted pipe drainage needs to be spaced prohibitively close, or where the seepage area is 
so large it is too expensive to treat with a herringbone tile or slotted pipe drainage network. 
At approximately $1500 per hectare (Bennett et al. 1999) mole drainage is relatively 
inexpensive to construct. 
In mole drainage a mole ‘bullet’ (see Figure 3) is dragged behind a tractor or dozer to form 
drainage pipes in heavy soils (> 30 per cent clay). The expander and closing wedge result in 
the formation of defined pipes. The process is different to deep ripping in that massive 
cracking, fissuring and surface disturbance are avoided (Bennett et al. 1999).  
 
Figure 3 Moling tool used in the south-west irrigation area (Source: Bennett et al. 1999). 
Site requirements include slopes of less than 2 per cent and non-dispersive clays are 
preferred. Problems have been encountered where rocks and hardpans disrupt efficient 
moling. The best results have been achieved on laser-levelled paddocks on the coastal plain 
of the south-west (Bennett et al. 1999).  
Subsurface drainage should be constructed on a maximum of 1 per cent grade (Keen 1989). 
Great care should be taken when constructing drains in dispersive subsoils, as tunnelling 
may occur at the interface between the drain wall (pipe, blue metal, tiles) and the soil matrix. 
This is of particular concern on steeper sites. Dispersion can be managed in part by treating 
the site with gypsum to restore soil structure (Frost & Orr 1990, Coles 2003), but deep 
placement of gypsum (at the depth that dispersion is occurring) may be necessary to 
effectively manage this problem (Bennett et al. 2004). If the soils are prone to slaking, 
organic matter may need to be mixed into the soil (Bennett et al. 2004), but this is a long-
term solution. 
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The highest potential for drainage is with sandplain seeps, and seeps at the base of gravelly 
hills. The water drained from the seepage area prior to secondary salinisation may be of high 
enough quality that it warrants being piped into storage (Short in prep). Heavier soils may be 
less suited to drainage because of lower hydraulic conductivity, and complications related to 
soil dispersion and slaking.  
Relief wells 
Relief wells are another ‘passive’ form of groundwater discharge management. They are 
essentially a ‘free-flowing’ groundwater bore in which flow is driven by a pressure head 
created in a confined aquifer as a result of the weight of water in the aquifer being at a higher 
elevation than the relief bore.  
For a relief well to work, groundwater must be under pressure. Artesian pressures of 3–7 m 
above the surface have proven sufficient for the effective installation of relief wells (Seymour 
& George 2000). Indicators of suitable sites include seepage eyes through which water may 
flow for extended periods during the year; seepage which expresses itself in the landscape 
well out of the valley floor; and possibly above a dolerite dyke, bedrock high or other 
groundwater flow restriction, and in faults and sedimentary valleys. Detailed hydrological 
investigation (including test drilling) is recommended.  
A test or tracer piezometer (about 40 mm in diameter) can be drilled to test for artesian 
pressure. In most cases the drilling of a shallow 6 metre depth tracer will determine whether 
artesian conditions exist. Tracers deeper than 10–15 m may be required if drilling faults and 
sedimentary valleys. If the water level within the piezometer rises above ground level, 
positive artesian pressure is likely to occur within a target aquifer at depth. Water levels may 
take several hours or up to a day to equilibrate if drilled into clays (Seymour & George 2004).  
The construction of a relief bore requires drilling through the confining layer into the 
weathered, high yielding bedrock below. Use perforated well screen and gravel pack in the 
lower 6 m of the bore, and PVC pipe to line the remainder of the bore (see Figure 4). If the 
artesian pressure is high (greater than 3 m above ground level), a large diameter casing 
(> 125 mm) needs to be cemented into a large diameter (200 mm) bore (Seymour & George 
2004). 
 
Figure 4 Cross section of a relief well (Source: Seymour & George 2000). 
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Seymour and George (2000) suggest that relief wells can discharge between 4 and 15 kL per 
day, and cost around $1500 to construct. If sufficient flow or draw down is not achieved 
under artesian pressure alone, relief wells may be developed into siphons or groundwater 
pumping systems. 
Siphons 
George (2004) suggests that appropriately sited production bores linked with siphons can 
effectively de-water saline seepage, lowering the watertable by 2 to 8 metres, with the 
theoretical limit at 10.3 m. If infiltration rates of the soil in the seepage areas are high enough 
to allow for flushing of the salt through the soil profile, the salt can be removed from the soil 
surface. Successful application of this technology will allow surface water to run across old 
seepage sites without transporting salts into stream lines and dams.  
The system works by sinking a bore, or multiple bores, in a large seepage area. The bore 
hole should be drilled to basement in weathered granite, or fracture zones (not dolerite 
dykes) where the pressure head of groundwater is above the ground surface (see Figure 5). 
Use perforated well screen and gravel pack in the lower 6 m of the bore, and PVC pipe to 
line the remainder of the bore (Figure 6). The siphon (a fully primed pipe) is inserted into the 
bore and acts as a passive vacuum pump as the weight of water under gravity in the pipe 
draws the water out of the bore.  
 
Figure 5 Location of production bores in relation to seepage associated with a dolerite dyke 
(Source: George 2004). 
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Figure 6 Cross-section of a bore installation (Source: George 2004). 
A number of site and siphon/bore construction requirements must be met for siphons to 
operate efficiently. This system is most effective where production bores are able to produce 
upwards of 1 litre per second (0.2 Ls-1 minimum) and where the landscape gradient is 
sufficient to allow the siphons to operate efficiently (greater than 1.5–2 per cent).  
Siphons need a steady supply of water and rely heavily on appropriate design in terms of 
pipe length, pipe diameter and gradient. If the siphon ‘breaks’ then air may enter the system, 
requiring the siphon to be re-primed (George & Frantom 1990) and exposing it to the risk of 
iron bacteria build up. Appropriate design information can be accessed by searching for the 
siphon flow calculator (a free downloadable program) on the Department of Agriculture and 
Food website (http://www.agric.wa.gov.au). 
There are two basic components to the cost of establishing a siphon system: the drilling 
program and the siphon fittings. George (2004) notes that a typical 100 mm production 
bore—drilled to a depth of 25 m and including 50 mm PVC casing—is likely to cost $1500. 
The siphon pipeline and fittings are likely to cost a further $500. A 70 per cent success rate is 
expected provided drilling is conducted in an active seepage area and dolerite is avoided. 
It is important to note that this system requires disposal of the water downslope of the dam in 
an environmentally sensitive manner, and that any engineering works transporting 
groundwater for salinity control require a Notice of Intent to Drain to be lodged with the 
Commissioner for Soil and Land Conservation.  
Groundwater pumping 
Groundwater pumping can be used in situations where siphons would fail due to insufficient 
grade between the seepage area and disposal point. Continuous flow is not as critical for 
groundwater pumping, and neither is having a positive head on the aquifer. Other  
MAINTAINING LOW SALINITY IN AGRICULTURAL DAMS 
 
24 
considerations, such as placement in relation to weathered granite and dolerite dykes, and 
production bore construction (see Figure 5), apply to both siphons and groundwater pumping 
bores.  
George (2004) suggests that pumping is likely to have an impact on areas of 10–20 hectares 
with low yielding systems (< 1 L/sec), and up to 400 hectares for multi-well, high yielding 
systems (about 10 L/sec from several wells).  
Determining the most suitable type of pump depends on a number of site-specific 
considerations, including the aquifer yield and pressure head, and the location of the nearest 
power source (see Table 3). 
Table 3 Pumping systems used to lower groundwater in WA (Source: George 2004) 
Pump type Power supply Comment 
Submersible Mains electric or solar Depends on the proximity of power, the pumping rate 
required and total working head. 
Compressed air 
systems 
Mains electric or solar As above. Air can be reticulated up to 5–10 km from power 
source. 
Piston, rotor Wind, solar or mains 
electric 
For low yielding systems. 
Pumps (George 2004) is an economic cost/benefit analysis program for groundwater 
pumping to reclaim agricultural land affected by saline seepage. It provides cost estimates 
for setting up and maintaining a groundwater pumping system and can be found on the 
Department of Agriculture and Food website, 
http://www.agric.wa.gov.au/pls/portal30/docs/FOLDER/IKMP/LWE/WATER/ENG/PUMPS.HT
M. 
Reducing saline surface flows by diverting saline flows 
Revegetation, drainage, relief wells, siphons and groundwater pumping may all be used 
effectively to control point sources of salt such as hillside seepage. Diffuse sources of salt, 
such as that left on the soil surface at the end of summer as a result of capillary rise above 
regional watertables, are more difficult to control at their source.  
Temporal and spatial variation in these diffuse sources of salt may provide some 
opportunities to manage their impact on water supplies in the catchment. If spatial variability 
means that some flow lines are salty and others are fresh, flow from the fresh streams may 
be isolated from the salty streams and diverted into water storage. Temporal variation of 
water quality exists in most catchments and is expressed as a sharp decline in water quality 
and quantity over the summer months. The low quality water may be diverted around a water 
storage, while high volume high quality flows experienced after the break of season may be 
allowed to enter the dam.  
Taking advantage of temporal variability in salt load 
As noted earlier, most catchments contribute significant salt loadings to surface flow at the 
end of extended dry spells. Secondary salinisation of the soil surface caused by capillary rise 
and evaporation during the dry period results in the ‘first flush’ of surface water (after rainfall 
in a summer thunderstorm or at the break of season) carrying significant proportions of the 
annual salt load into drainage lines. Surface flows after this first flush are often of better 
quality, and are likely to continue to be fresh until the low flows return at end of the rainy 
season. 
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Diverting highly saline flows around dams and then allowing subsequent (fresh) flows to 
enter the dams is one way to improve the salt levels in the dam. It can be done by 
manipulating the dam inflow using a flow gate, a diversion channel and some method to 
measure the salinity of the surface water above the flow gate.  
The flow gate, which can be as simple as a series of boards in a slot, may be closed over the 
winter and high quality water diverted via a collector drain and spillway into the dam. The 
boards may be removed early and late in the season so that low quality (and usually low 
volume) flows via a bunded diversion channel around the dam, into the dam overflow or 
stream. This is a system used with success at Lake Toolibin (George et al. 1996).  
An electrical conductivity (EC) meter and automated alarm system may be necessary if strict 
water quality is demanded. A system could be set up so that an alarm is triggered as soon as 
the EC drops below a set target quality (e.g. 250 mS/m for drinking water), prompting the 
land manager to open the flow gates and allow the water to flow into the dam. Fully 
automated systems are possible, but system failure risks are high, so manual systems based 
on regular water measurements or a data logger are recommended.  
The Lake Towerrinning diversion system is a set structure that relies on the pattern that most 
high-volume flows are likely to be of reasonable quality, while low flows over summer and 
early and late winter are likely to transport concentrated salt. The diversion pipe directs flows 
of up to 0.38 m3/s through a crescent shaped earthen embankment around the lake. Higher 
flows fill the embankment and are diverted into the lake via a second pipe with a 0.5 m3/s 
capacity. Peak flows are dealt with via a spillway with a capacity of 12 m3/s. Observations 
suggest that this diversion structure has reduced the salinity by 20 per cent (George et al. 
1996). The impact of such a system is likely to be greater where it is installed on new dams, 
as historical salt build-up will not be as great an issue as it is at Lake Towerrinning (where an 
estimated 40 000 tonnes of salt is stored).  
Taking advantage of spatial variability in salt load 
There may be situations where isolated streams in a catchment contribute high salt loads to 
a dam, while the remainder are relatively fresh. This is the case with the Collie catchment, 
where the Collie River east branch contributes approximately 35 000 tonnes (28 per cent of 
that measured at the Wellington Dam inflow) of salt annually, but only 7600 ML (5 per cent) 
of stream flow (Mauger et al. 2001). This may also occur at a much smaller scale, and an 
example of this is at Hester Brook, where a farm-scale catchment with a good dam site 
contained three relatively fresh streams and one with several saline seeps along it. 
At the large scale it is unlikely to be possible to permanently divert saline streams around 
dams, but at a farm scale diversion channels can be built to ‘cut off’ saline streams from the 
dam catchment and divert the stream flow via an artificial waterway around the dam. This 
diversion bank and waterway needs to be designed to collect and divert a predetermined 
volume of water before overflowing. During flood events, the diversion bank must over flow 
and ‘fail safely’. This can be done by creating a level spillway (possibly armoured with rocks) 
for flood waters to flow over, and by ensuring the earthworks are very well compacted (with a 
sheep-foot roller) and grassed over. Water flowing over the diversion structure during a flood 
event is likely to be of sufficiently low salt concentration to warrant capture and storage in the 
dam.  
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7. Management options for improving water quality in 
dams 
Once surface water has been captured, transported and held in storage with minimal 
leakage, the next challenge is minimising evaporation and, where possible, flushing away 
salty water.  
Minimise evaporation with windbreaks and surface covers 
Pan evaporation is around 1600 mm per annum for the medium rainfall zone (see Figure 7). 
This represents significant potential for the loss of water through evaporation from storage. 
When water is evaporated from storage, salt is not evaporated with it. The salt is left behind, 
increasing the salinity of the remaining water. Even relatively fresh dams may turn saline as 
a result of excessive evaporation. Minimising the volume of evaporation from the dam will 
therefore help to limit the build up of salinity. 
 
Figure 7 Average annual pan evaporation in south-west Western Australia (Laing et al. 1988). 
Evaporation is a two phase process. Photons (sunlight) increase the surface temperature of 
a water body and may vaporise water from the dam surface. Moving air (wind) with a 
moisture deficit then carries the water away. Establishing a windbreak, covering the surface  
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of the dam and shading the dam are three ways to interrupt this process and reduce 
evaporation.  
Windbreaks 
Trees established on the windward side of a dam can reduce wind velocity and the moisture 
deficit of air over the water (see Figure 8), and thereby reduce evaporation (Hipsey 2002). 
Natural shelterbelts have been shown to reduce evaporation in dams by up to 36 per cent 
(Hipsey et al. 2004). The optimum distance between windbreak and dam to provide effective 
protection is dependent on the height of the trees. Figures range from a distance 4 to 6 times 
the windbreak height (Lantzke 1995) to 10 times (Department of Agriculture and Food 2005, 
Hipsey 2002). This suggests that evaporation control with windbreaks will be most effective 
where tall trees protect a dam with limited surface area, and is likely to be limited for dams 
with a very large surface area and where tree height is limited (by climate or soil).  
 
Figure 8 Dam windbreak system (Source: Hipsey 2002). 
a. The quiet and wake zones created downwind. 
b. Wind speed reduction downwind compared with upwind. 
c. Relative moisture levels downwind of the windbreak showing an increase in the quiet zone and a decrease 
further downwind. 
Species with non-invasive roots should be used to avoid roots breaching the dam wall, 
possibly causing the dam to leak. Hipsey (2002) recommends a minimum buffer of two tree 
heights between the dam wall and the trees to limit the chance of tree roots compromising 
the integrity of the dam wall.  
Artificial windbreaks have been used to limit the evaporation of water from soils (Lynch et al. 
1980). They also have the potential to reduce evaporation from farm water supplies. Artificial 
windbreaks do not have the drawbacks associated with roots and they have the added  
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benefit of being able to be erected on the dam wall, taking advantage of the extra height 
created by the wall itself. The disadvantages include cost, particularly if the structure is built 
to withstand strong winds, and maintenance over the medium to long term.  
Shade cloth is one material that shows some promise (Lantzke, pers. comm.), both as a 
material for forming an artificial windbreak, and as a suspended cover. Hipsey et al. (2002) 
showed that evaporation could be reduced by approximately 20 per cent with a 2.5 m high 
shade cloth barrier at two sites in Katanning and Corrigin, Western Australia. 
Surface covers and shades 
Covering the dam surface prevents exposure to wind and sun, and has proven to be the 
most efficient way of limiting evaporation from water bodies. At $2–$3/m2 it is relatively cheap 
in comparison to other covering materials such as corrugated iron and pool blankets. Shade 
cloth suspended over a dam on a frame provides shade and protection from the wind. The 
frame may be engineered to allow stock access to the water if required and for dam 
maintenance. Shading has an added bonus in helping to prevent water quality problems 
associated with algal blooms. The cooler temperatures caused by the shading of the dam 
may also provide aquaculture benefits, particularly where water temperatures rise above 
optimum levels for production during summer months.  
Swimming pool ‘blankets’ are a well established technology and have resulted in significant 
reductions in water consumption in houses with swimming pools in residential areas of 
Western Australia, and similar reductions would be expected in dams. These covers are 
expensive, however, at a cost of $50 000–$115 000 per hectare for a product with a 3–12 
year guarantee, and may not be suitable for on-farm water supplies unless the water is being 
used for high value production.  
One major issue with using pool covers on dams is the lack of a pathway by which rain falling 
on the cover can enter the dam (Alan Lieback, pers. comm.). Another is the lack of oxygen 
transfer in the water, which may cause anaerobic conditions to form under the blanket 
(Department of Natural Resources and Mines 2003). This has the potential to cause 
problems if the dam water is rich in dissolved iron and the water is to be piped or used for 
irrigation. As the water in the reticulation is exposed to oxygen, iron bacteria are likely to 
cause pipe blockages. The lack of oxygen transfer in the water may also kill plants and 
animals in the dam, and this has severe consequences if the dam has aquaculture 
production or habitat value. On the other hand, an advantage—the result primarily of 
blocking sunlight but also reduced stock access—is the reduction in risk of toxic algal 
blooms.  
If dams have fluctuating water levels the covers may need to be adjusted. If the dam empties 
entirely, the cover should be temporarily removed to prevent it inadvertently becoming a poly 
lining as the dam fills again. Covers may also prevent stock access, although this problem 
can be resolved by establishing troughs.  
Companies such as Jaylon Industries (Malaga) offer a product called floating blankets (see 
Figure 9), similar to pool blankets, which lasts 5–7 years at a cost of $6–$8/m2 or $60 000 to 
$80 000/hectare (Alan Liebeck pers. comm.). 
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Figure 9 Floating covers on a dam (Photo: Alan Liebeck). 
E-VapCap is another product similar to the pool blanket, produced in the eastern states by a 
joint venture of Sealed Air Australia Pty Ltd, Evaporation Control Systems (ECS) Pty Ltd and 
Darling Downs Tarpaulins Pty Ltd. The product is a multi-layered polyethylene (PE) 
membrane approximately 0.5 mm thick containing buoyancy cells trapped within the layers. 
The E-VapCap cover costs $60 000 per hectare, and has been proven at close to 100 per 
cent efficiency in dams up to 4 ha (Department of Natural Resources and Mines 2003). As 
with pool covers, there are issues with oxygen transfer and shading. 
Aquacap domes are under research at Royal Melbourne Institute of Technology. The 
modules (domes) float on the water surface and prevent evaporation by minimising exposure 
of the water to sun and wind. Trials suggest efficiency of between 70 and 90 per cent 
depending on evaporative demand. Domes will have similar issues as E-VapCap in terms of 
oxygen transfer and shading. Though not yet fully commercialised, cost is estimated to be 
around $170 000 per hectare (Department of Natural Resources and Mines 2003), which 
may drop as the product becomes more widely available.  
Another type of cover is a water bladder (see Figure 10), which holds water similarly to a 
wine bladder (Department of Natural Resources and Mines 2003). This system encapsulates 
the water, eliminating all evaporation, leakage and groundwater intrusion, and keeping the 
supply free of contaminants. As with the air bubble blanket covers, oxygen transfer is also 
eliminated, and similar issues (dissolved iron and no habitat provision) are expected. There 
is no provision for rainfall falling on the cover to enter, and a collection and piping system 
may be required (Alan Liebeck pers. comm.). The cost is dependent on supplier, and 
membrane material (high or low density poly ethylene), but is expected to be around 
$150 000 to $300 000 per hectare. At this price, its application is likely to be limited to high 
value storages such as town water supplies.  
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Figure 10 Water bladder storage in a dam in South Australia (Photo: Alan Liebeck). 
The shape of the dam can have a significant impact on the amount of evaporation loss 
(Stanton 2005). Deep dams with little surface area lose a smaller proportion of water to 
evaporation, while shallow dams with a large surface area lose a higher proportion. Shallow 
dams also heat up faster than deep ones, and this increases the potential for evaporation. 
This fact also points to the importance of dam maintenance, as silt build-up in the bottom of 
dams reduces the ‘useful depth’ while decreasing the volume to surface area ratio of the 
dam. Circular (turkey nest) dams have a very good volume to surface area ratio, and lose 
proportionately less water than a square dam of similar dimensions (Laing 1981).  
Flushing dams 
Once salt water has entered a dam, it does not necessarily mean that the quality of all the 
water in the dam will be compromised. Salt water is ‘heavier’ than fresh water and will 
naturally settle to the bottom of a dam. This phenomenon is called ‘stratification’ and can 
result in distinct layers of fresh water sitting on top of salty ones. It provides an opportunity to 
flush the salty water from the bottom of the dam while retaining the fresh water at the 
surface. 
Water that is turbulent or regularly mixed does not readily stratify (Turner & Erskine 2005). 
Dams which are shallow (less than 2 m deep), and/or where stored water is turned over 
regularly, are unlikely to develop stratified layers. The rapid heating and cooling of water in 
dams exposed to sunlight can also increase the potential for mixing (shading of the dam 
surface can help to reduce this). There is a greater likelihood of separation occurring in dams 
with greater depth and long detention times. Wellington Dam on the Collie River is one 
example of a deep dam where flushing or scouring is used to manage salt levels (Mauger 
et al. 2001). Scouring is also a well-established practice in irrigation dams around Manjimup 
and Donnybrook.  
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Most of the irrigation dams in which this technique is employed have pipes installed in the 
bottom of the dam during the construction phase, typically from the low point in the dam, 
through the wall of the dam to a discharge point below the dam. Flow may be driven by 
gravity or pressure head if there is enough fall between the pipe inlet and outlet, with the 
discharge being controlled by a valve or tap.  
A number of these dams have a venturi system set up where water flowing down the dam 
overflow flows across the outlet of the pipe, creating a vacuum. The vacuum is then used to 
draw water against gravity from the bottom of the dam. The advantage of the venturi system 
is that the dam is flushed automatically when it is at full capacity and flushing stops once the 
dam stops overflowing. This system will not work if the dam overflows only infrequently; in 
this case a siphon or a back-up pipe through the dam wall may be needed if the dam is likely 
to need flushing more often than it overflows. It is important that the pipe outlet is not too far 
below the high-water level in the dam, otherwise too much water may be siphoned from the 
dam.  
Some consideration should be given to siltation when pipe inlet height is selected. Lewis 
(2002) recommends raising the inlet by 500 mm to allow for sediment build-up and using a 
strainer to reduce the likelihood of pipe blockage. 
It is important to follow appropriate design rules when constructing pipe work through dam 
walls. Lewis (2002) highlights the importance of cut-off collars, appropriate compaction 
techniques and pipeline capacity, with pipelines going through embankments. If care is not 
taken, seepage around the pipeline may lead to tunnelling and dam failure.  
If a flushing system is to be installed retrospectively, the options may be limited to a 
siphoning system. Many of the basic principles that hold for siphons on bores, as discussed 
by Seymour (2001), also hold for siphons from dams. The pipe needs to be free of gas or air 
and the discharge needs to be lower than the inlet for the siphon to work. The need for 
continuous discharge or siphoning is not as important for dam flushing as it is for bores, and 
pipe diameter is not as important. Siphons can be primed by filling them with a firefighting 
pump from the outlet end until the bubbles stop flowing to the surface of the dam. When the 
firefighting pump is removed, the pipe will begin siphoning from the dam. To stop siphoning, 
the inlet end can be lifted clear of the water, or a valve at the apex (high point) of the siphon 
can be opened to let air into the pipe.  
As with the piping through dam walls, care needs to be taken to avoid blocking the siphon 
intake with silt or debris. One method (used with flexible piping) is to tie a float to the top of 
the inlet and attach weights 50 mm along the cord to keep the inlet suspended 50 mm above 
the silt in the dam. The depth of the dam at the inlet should be checked to allow an 
appropriate length of cord to be run from the pipe inlet to the float. Again, some sort of 
strainer or filter should be used at the inlet to prevent blockage by rubbish.  
To gauge the appropriateness of this technique the level of stratification in the dam and the 
approximate depths of the different layers need to be determined. Taking water samples at 
different depths while taking care not to disturb the water column is one way to test for 
stratification. 
Timing is important. Water is usually at its greatest level of stratification at the end of 
summer, when the dam has been undisturbed by inflow since the end of the winter flows. 
This usually coincides with the end of the irrigation season, and the risk of not having enough 
water to meet the irrigation schedule is minimised.  
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Care should be taken when disposing of the effluent. The saline water may also contain 
elevated concentrations of dissolved iron, aluminium, manganese and/or sulphur (Turner & 
Erskine 2005). Since water stored in a dam is considered surface water, there is no legal 
requirement to submit notice of intent to pump or drain with the Commissioner for Soil and 
Land Conservation. Land managers are however required to ensure that the practice of dam 
flushing does not result in land degradation, or environmental harm.  
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8. Conclusion 
This review has highlighted a number of options for managing the level of salinity in farm 
dams. In most cases one option on its own may not have the desired effect, and a 
combination of techniques are likely to bring the best results. The landholder should begin 
with a target water quality (usually determined by the quality requirements for the intended 
use of the water shown in Table 1. The next step is a comprehensive study of the dam 
catchment, including electromagnetic surveys and a hydrogeological assessment (including 
drilling program) to identify opportunities for salinity control and likely impact. The landholder 
should then be in a position to choose from the raft of management options (depending on 
budget) and approach accredited professionals to help with the design and construction of 
any engineering works.  
The amount of investment in maintaining low salt concentrations will depend on the potential 
salt risks in each individual case, and the value of the product for which the water will be 
used. Options range from a number of roaded catchments, a temporary diversion structure, a 
vegetated windbreak and rudimentary flushing system, to a system using bituminised 
catchments, pool covers and polymer lining of dams. A selection of the most cost effective 
and robust of these are summarised in a Farmnote by Westrup and Bennett (2007). 
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